Introduction {#cti21113-sec-0005}
============

Colorectal cancer (CRC) is one of the leading causes of cancer‐related death worldwide, with approximately 1.8 million new cases and approximately 861 663 deaths per year.[1](#cti21113-bib-0001){ref-type="ref"} About 40% of patients with CRC present with distant metastasis (mCRC) at the time of diagnosis, and half of all recurrences are in the form of metastatic disease.[2](#cti21113-bib-0002){ref-type="ref"} Doublet chemotherapy regimens, consisting of fluoropyrimidines and oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) or capecitabine and oxaliplatin (XELOX), are the current standard‐of‐care options for the first‐line treatment of mCRC.[3](#cti21113-bib-0003){ref-type="ref"} Adding monoclonal antibodies such as cetuximab, bevacizumab or panitumumab provide a modest increase in overall survival (OS).[4](#cti21113-bib-0004){ref-type="ref"} However, OS is poor, with an approximate expected survival of only 30 months.[5](#cti21113-bib-0005){ref-type="ref"} In addition, approximately 86% of mCRC patients die within 5 years of diagnosis.[6](#cti21113-bib-0006){ref-type="ref"} Thus, there is an unmet need for more effective and novel therapies for patients with mCRC.

The recent accelerated development of cancer immunotherapy has revolutionised the landscape for the management of many solid tumors. In some situations, cell‐based immunotherapy offers a valuable and more effective alternative to conventional cytotoxic therapy.[4](#cti21113-bib-0004){ref-type="ref"}, [7](#cti21113-bib-0007){ref-type="ref"} A series of studies have demonstrated the efficacy of adoptive cell immunotherapy, including tumor‐infiltrating lymphocytes, antigen‐specific T lymphocytes, cytokine‐induced killer (CIK) cells and chimeric antigen receptor (CAR) T cells.[8](#cti21113-bib-0008){ref-type="ref"}, [9](#cti21113-bib-0009){ref-type="ref"}, [10](#cti21113-bib-0010){ref-type="ref"}, [11](#cti21113-bib-0011){ref-type="ref"} Among them, CIK cells have characteristics of rapid proliferation, strong antitumor activity, broad spectrum of antitumor activity and minimal toxicity and have been demonstrated as effective in many tumors,[12](#cti21113-bib-0012){ref-type="ref"} including CRC.[11](#cti21113-bib-0011){ref-type="ref"}, [13](#cti21113-bib-0013){ref-type="ref"}, [14](#cti21113-bib-0014){ref-type="ref"}, [15](#cti21113-bib-0015){ref-type="ref"} Moreover, our previous studies demonstrated the feasibility and low toxicity of CIK cell treatment for several kinds of cancer, including hepatocellular carcinoma,[16](#cti21113-bib-0016){ref-type="ref"} breast cancer,[17](#cti21113-bib-0017){ref-type="ref"}, [18](#cti21113-bib-0018){ref-type="ref"} epithelial ovarian cancer,[19](#cti21113-bib-0019){ref-type="ref"} non‐small‐cell lung cancer[20](#cti21113-bib-0020){ref-type="ref"} and nasopharyngeal carcinoma.[21](#cti21113-bib-0021){ref-type="ref"} Other studies reported the effectiveness of dendritic cell (DC)--CIK/CIK immunotherapy for colorectal cancer.[11](#cti21113-bib-0011){ref-type="ref"}, [13](#cti21113-bib-0013){ref-type="ref"}, [14](#cti21113-bib-0014){ref-type="ref"}, [15](#cti21113-bib-0015){ref-type="ref"} However, the therapeutic efficacy of CIK cell treatment for patients with mCRC is poorly understood and needs further confirmation.

The aim of the present study was to evaluate the clinical effect of CIK cell therapy in patients with mCRC. We assessed retrospectively the clinical efficacy of CIK cells combined with first‐line chemotherapy for patients with unresectable mCRC. Our data provide evidence as to whether the combination of CIK cell immunotherapy and first‐line chemotherapy could improve the clinical outcomes in patients with mCRC.

Results {#cti21113-sec-0006}
=======

Patients\' characteristics {#cti21113-sec-0007}
--------------------------

The baseline data for the population are described in Supplementary table [1](#cti21113-sup-0001){ref-type="supplementary-material"}. After one‐to‐one propensity score matching, 126 pairs of patients with mCRC from the CIK group and the control group were matched (Table [1](#cti21113-tbl-0001){ref-type="table"}). There were no statistically significant differences in demographic or clinical characteristics such as patients\' year of diagnosis, sex, age, primary tumor location, histology, metastatic site, number of metastatic sites, prior adjuvant therapy and chemotherapy regimen (Table [1](#cti21113-tbl-0001){ref-type="table"}). All the patients in the CIK group received at least one cycle of CIK cell treatment; the median cycle of CIK cell treatment was 8.5 cycles (range, 1--54 cycles). Sixty‐three (50%) patients received more than eight cycles of CIK cell treatment (Supplementary table [2](#cti21113-sup-0001){ref-type="supplementary-material"}).

###### 

Demographics and clinical characteristics after 1:1 propensity score matching

  Variables                 Total        Control      CIK          *P*
  ------------------------- ------------ ------------ ------------ -------
  No. of patients           252          126          126           
  Median follow‐up time     55.2         50.4         60.8         --
  Range (months)            3.3--154.4   3.3--128.6   5.4--154.4    
  Year of diagnosis                                                
  2002--2009                43           19           24           0.402
  2010--2018                209          107          102          
  Sex                                                              
  Male                      155          78           77           0.897
  Female                    97           48           49           
  Age (years)                                                      
  ≥ 60                      86           43           43           1.000
  \< 60                     166          83           83           
  Primary tumor                                                    
  Rectum                    92           42           50           0.426
  Left‐sided colon          81           45           36           
  Right‐sided colon         79           39           40           
  Histology                                                        
  Well differentiated       14           8            6            0.609
  Moderate differentiated   208          101          107          
  Poorly differentiated     30           17           13           
  Metastatic site                                                  
  Liver                     154          75           79           0.276
  Lung                      120          52           68           
  Lymph nodes or others     127          68           59           
  No. of metastatic sites                                          
  1                         112          59           53           0.547
  2                         78           35           43           
  ≥ 3                       62           32           30           
  Prior adjuvant therapy                                           
  Yes                       126          57           69           0.131
  No                        126          69           57           
  Chemotherapy regimen                                             
  FOLFIRI                   71           31           40           0.436
  FOLFOX                    97           50           47           
  CAPOX                     84           45           39           

CAPOX, capecitabine + oxaliplatin; CIK, cytokine‐induced killer; FOLFIRI, irinotecan + 5‐fluorouracil; FOLFOX, oxaliplatin + 5‐fluorouracil.
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Characteristics of final CIK cells {#cti21113-sec-0008}
----------------------------------

In all cycles of CIK cell treatment, there were only three cases whose CIK cells failed to be produced because of low lymphocyte count after chemotherapy. The median count of CIK cells after 14 days of expansion reached 1.2 × 10^10^ (range, 9.5 × 10^9^--1.7 × 10^10^) for all cycles of CIK cell treatment. The median percentage of CD3^+^, CD3^+^CD4^+^, CD3^+^CD8^+^, CD3^−^CD56^+^ and CD3^+^CD56^+^ population in the cultured CIK cells was 97.6% (range, 68.9--99.4%), 29.9% (range, 8.9--69.7%), 64.4% (range, 24.6--90.7%), 2.1% (range, 0.3--30.9%) and 16.8% (range, 3.4--48.3%), respectively (Supplementary figure [1](#cti21113-sup-0001){ref-type="supplementary-material"}). The viable CIK cells were found to exceed 95% on the basis of trypan blue staining. The cells were without any bacterial, fungal or mycoplasma contamination. The result of the endotoxin test was \< 5 EU. Following quality testing, all numbers of harvested autologous CIK cells were infused back to patients at one time.

Side effects of CIK cell treatment {#cti21113-sec-0009}
----------------------------------

No severe side effects (grade 3 or 4) were observed in the patients who received CIK cell therapy. In our study, only 14 patients who were treated with CIK cells experienced adverse events, including 10 cases of fever (38--39 °C), two cases of transient hypertension and two cases of fatigue and anorexia. All the adverse events were mild, and the patients recovered spontaneously without any medical treatment.

OS and PFS analysis {#cti21113-sec-0010}
-------------------

All 252 patients with mCRC included in this study were first assessed for OS. Over a median follow‐up of 55.2 months (range, 3.3--154.4 months), 56.0% (141/252) of the patients died, providing a median OS of 35.9 months (range, 1.9--101.4 months). The median follow‐up time for the CIK group and the control group was 60.8 months (5.4--154.4 months) and 50.4 months (3.3--128.6 months), respectively. The 1‐, 3‐ and 5‐year OS rates were 97.6%, 63.0% and 50.0%, respectively, in the CIK group, and 76.6%, 33.1% and 26.3%, respectively, in the control group. The median OS in the CIK group (54.7 months; 95% CI, 38.56--70.8 months) was significantly higher than in the control group (24.1 months; 95% CI, 21.3--26.9 months; *P* \< 0.0001; Figure [1](#cti21113-fig-0001){ref-type="fig"}a). The PFS rates at 1, 3 and 5 years were 84.8%, 36.1% and 26.1% for the CIK group and 55.3%, 19.5% and 16.9% for the control group, respectively. The median PFS in the CIK group (25.7 months; 95% CI, 22.4--29.1 months) was significantly superior to that in the control group (14.6 months; 95% CI, 15.3--17.9 months; *P* \< 0.0001; Figure [1](#cti21113-fig-0001){ref-type="fig"}b). Thus, the combination of CIK cell treatment and first‐line chemotherapy could significantly improve the OS and PFS of patients with mCRC.

![Kaplan--Meier estimates of overall survival (OS) **(a)** and progression‐free survival (PFS) **(b)** of patients with mCRC by treatment group. Significantly improved OS and PFS were observed in the CIK group (*n* = 126) versus the control group (*n* = 126). CIK, cytokine‐induced killer; mCRC, metastatic colorectal cancer; *n*, number of patients.](CTI2-9-e1113-g001){#cti21113-fig-0001}

Univariate and multivariate analyses {#cti21113-sec-0011}
------------------------------------

The effects of CIK cell treatment on the prognosis of patients with mCRC were further assessed using univariate and multivariate Cox proportional hazards regression analysis. Primary tumor in the rectum, only one metastatic site and CIK cell treatment were significantly associated with improved PFS and OS in the univariate analysis (Tables [2](#cti21113-tbl-0002){ref-type="table"} and [3](#cti21113-tbl-0003){ref-type="table"}). Further multivariate survival analysis indicated that primary tumor in the rectum, only one metastatic site and CIK cell treatment remained associated with improved PFS and OS (Tables [2](#cti21113-tbl-0002){ref-type="table"} and [3](#cti21113-tbl-0003){ref-type="table"}).

###### 

Univariate and multivariate analyses of progression‐free survival in patients with mCRC

  Variables                                                    Univariate analysis    Multivariate analysis                                                     
  ------------------------------------------------------------ ---------------------- -------------------------------------------------- ---------------------- --------------------------------------------------
  Sex (male *vs*. female)                                      1.195 (0.886--1.613)   0.243                                                                      
  Age (≥ 60 *vs*. \< 60)                                       0.878 (0.644--1.196)   0.410                                                                      
  Primary tumor (right‐ *vs*. left‐sided colon *vs*. rectum)   1.217 (1.019--1.454)   0.030[\*](#cti21113-note-0004){ref-type="fn"}      1.229 (1.025--1.474)   0.026[\*](#cti21113-note-0004){ref-type="fn"}
  Histology (poorly *vs*. well/moderate)                       1.049 (0.665--1.653)   0.838                                                                      
  No. of metastatic sites (≥ 3 *vs*. 2 *vs*. 1)                1.412 (1.184--1.684)   \< 0.001[\*](#cti21113-note-0004){ref-type="fn"}   1.437 (1.203--1.715)   \< 0.001[\*](#cti21113-note-0004){ref-type="fn"}
  Prior adjuvant therapy (yes *vs*. no)                        0.743 (0.556--0.993)   0.045[\*](#cti21113-note-0004){ref-type="fn"}      0.787 (0.587--1.056)   0.110
  Chemotherapy regimen (CAPOX/FOLFOX *vs*. FOLFIRI)            0.857 (0.628--1.169)   0.331                                                                      
  Treatment (CIK *vs*. control)                                0.556 (0.416--0.745)   \< 0.001[\*](#cti21113-note-0004){ref-type="fn"}   0.551 (0.410--0.739)   \< 0.001[\*](#cti21113-note-0004){ref-type="fn"}

CI, confidence interval; CIK, cytokine‐induced killer; HR, hazard ratio; mCRC, metastatic colorectal cancer.

*P*‐value \< 0.05.

John Wiley & Sons, Ltd

###### 

Univariate and multivariate analyses of overall survival in patients with mCRC

  Variables                                                  Univariate analysis    Multivariate analysis                                                     
  ---------------------------------------------------------- ---------------------- -------------------------------------------------- ---------------------- --------------------------------------------------
  Sex (male *vs*. female)                                    1.117 (0.793--1.573)   0.528                                                                      
  Age (≥ 60 *vs*. \< 60)                                     0.996 (0.702--1.414)   0.982                                                                      
  Primary tumor (right‐ *vs*. left‐sided colon vs. rectum)   1.261 (1.029--1.547)   0.026[\*](#cti21113-note-0006){ref-type="fn"}      1.291 (1.050--1.587)   0.015[\*](#cti21113-note-0006){ref-type="fn"}
  Histology (poorly *vs*. well/moderate)                     1.272 (0.775--2.088)   0.342                                                                      
  No. of metastatic sites (≥ 3 *vs*. 2 *vs*. 1)              1.270 (1.036--1.557)   0.021[\*](#cti21113-note-0006){ref-type="fn"}      1.302 (1.065--1.594)   0.010[\*](#cti21113-note-0006){ref-type="fn"}
  Prior adjuvant therapy (yes *vs*. no)                      0.812 (0.583--1.132)   0.219                                                                      
  Chemotherapy regimen (CAPOX/FOLFOX *vs*. FOLFIRI)          0.837 (0.588--1.191)   0.322                                                                      
  Treatment (CIK vs. control)                                0.455 (0.324--0.637)   \< 0.001[\*](#cti21113-note-0006){ref-type="fn"}   0.439 (0.313--0.616)   \< 0.001[\*](#cti21113-note-0006){ref-type="fn"}

CI, confidence interval; HR, hazard ratio; mCRC, metastatic colorectal cancer.

*P*‐value \< 0.05.

John Wiley & Sons, Ltd

Subgroup analysis {#cti21113-sec-0012}
-----------------

The primary tumor location and number of metastatic sites have been associated with the prognosis of patients with mCRC; therefore, we assessed which subgroup of patients with mCRC, classified according to these clinical parameters, could benefit most from CIK cell treatment. Analysis of these subgroups revealed that patients with metastatic rectal cancer might derive some survival benefit from CIK cell immunotherapy; however, this benefit was not statistically significant (Figure [2](#cti21113-fig-0002){ref-type="fig"}a; *P* = 0.3663 for PFS; *P* = 0.1101 for OS). By contrast, patients with metastatic colon cancer in the CIK group exhibited significantly better PFS and OS than those in the control group (Figure [2](#cti21113-fig-0002){ref-type="fig"}b; *P* \< 0.0001 for PFS and OS). Moreover, for patients with only one metastatic site, CIK cell immunotherapy significantly prolonged the PFS and OS in comparison with the control group (Figure [3](#cti21113-fig-0003){ref-type="fig"}a; *P* = 0.0003 for PFS; *P* = 0.001 for OS). However, CIK treatment was not significantly associated with improved PFS of patients with ≥ 2 metastatic sites (Figure [3](#cti21113-fig-0003){ref-type="fig"}b and c, right); however, the OS for these patients was enhanced significantly (Figure [3](#cti21113-fig-0003){ref-type="fig"}b and c, left). In addition, cancer‐specific survival was also significantly longer in the CIK group irrespective of the number of metastatic sites (Supplementary figure [2](#cti21113-sup-0001){ref-type="supplementary-material"}, *P* = 0.0005 for one metastatic site, *P* = 0.0044 for two metastatic sites, *P* = 0.0454 for ≥ 3 metastatic sites).

![Subgroup analysis to estimate the survival benefits from CIK cell immunotherapy according to the primary tumor location. **(a)** CIK cell immunotherapy did not significantly affect the overall survival (OS) and progression‐free survival (PFS) of patients with metastatic rectal cancer. **(b)** CIK cell immunotherapy significantly improved the OS and PFS of patients with metastatic colon cancer. CIK, cytokine‐induced killer; *n*, number of patients.](CTI2-9-e1113-g002){#cti21113-fig-0002}

![Subgroup analysis to estimate the survival benefits from CIK cell immunotherapy according to the number of metastatic sites. **(a)** CIK cell immunotherapy significantly prolonged the overall survival (OS) and progression‐free survival (PFS) of mCRC patients with only one metastatic site. **(b, c)** CIK cell immunotherapy significantly prolonged the OS, but not the PFS, of mCRC patients with two **(b)** or ≥ 3 **(c)** metastatic sites. CIK, cytokine‐induced killer; mCRC, metastatic colorectal cancer; *n*, number of patients.](CTI2-9-e1113-g003){#cti21113-fig-0003}

Effect of CIK cell phenotypes on patient survival {#cti21113-sec-0013}
-------------------------------------------------

The phenotypes of CIK cells harvested after 14 days of expansion showed variation among different patients or different treatment cycles in the same patient (Supplementary figure [1](#cti21113-sup-0001){ref-type="supplementary-material"} and Figure [4](#cti21113-fig-0004){ref-type="fig"}); therefore, we sought to assess the relationship between the phenotype of CIK cells and survival benefit after autogenous CIK cell immunotherapy in patients with mCRC. First, we determined the phenotypic composition of CIK cells from the first treatment cycle to the fourth treatment cycle in 65 patients and found that the percentage of CD3^+^CD4^+^ subsets decreased and CD3^+^CD8^+^ subsets increased significantly after the fourth treatment cycle (Figure [4](#cti21113-fig-0004){ref-type="fig"}; *P* = 0.0339 and *P* = 0.0115, respectively); however, these changes were not statistically significant after the second or third treatment cycles. Besides, there was no significant difference in the percentage of CD3^−^CD56^+^ subsets during the four treatments, while the percentage of CD3^+^CD56^+^ subsets present at the second, third and fourth cycles showed significant incremental increases with treatment (Figure [4](#cti21113-fig-0004){ref-type="fig"}; *P* = 0.0456, *P* \< 0.0001 and *P* = 0.0163, respectively). The impact of different first‐line chemotherapy regimens on CD3^+^CD56^+^ subsets was also investigated. No significant difference in the distribution of the percentage change in the CD3^+^CD56^+^ subset after the fourth CIK cell treatment cycle among different chemotherapy regimens was observed (Supplementary table [3](#cti21113-sup-0001){ref-type="supplementary-material"}; *P* = 0.526). Furthermore, first‐line chemotherapy regimens were not associated with patients\' prognosis (Supplementary figure [3](#cti21113-sup-0001){ref-type="supplementary-material"}; *P* = 0.3759 for PFS; *P* = 0.2748 for OS).

![The phenotypic composition of CIK cells after culture for different cycles. The percentage of CD3^+^CD4^+^ subsets decreased and CD3^+^CD8^+^ subsets increased significantly after the fourth treatment cycle. The percentage of CD3^−^CD56^+^ subsets was unaffected during the four treatments. The percentage of CD3^+^CD56^+^ subsets increased significantly as the number of CIK treatment cycles increased. The results are from 65 patients and are represented as median with interquartile range. CIK, cytokine‐induced killer; ns, not significant. \**P* \< 0.05.](CTI2-9-e1113-g004){#cti21113-fig-0004}

The CD3^+^CD56^+^ population is considered to be the main antitumor immuno‐effector cells,[22](#cti21113-bib-0022){ref-type="ref"}, [23](#cti21113-bib-0023){ref-type="ref"} and their proportion increased after the first treatment cycle; therefore, we next investigated the effect of CD3^+^CD56^+^ subsets on patient prognosis. Survival analysis revealed that there was no significant improvement in OS or PFS when a higher percentage of the CD3^+^CD56^+^ subset was present in the first CIK cell treatment cycle conducted for patients with mCRC as compared with that for patients with a low percentage of the subset (Figure [5](#cti21113-fig-0005){ref-type="fig"}a; *P* = 0.4105 for PFS; *P* = 0.3524 for OS). However, according to the percentage change in the CD3^+^CD56^+^ subset after the fourth CIK cell treatment cycle, the survival of patients with increased amounts of the CD3^+^CD56^+^ subset was significantly better than that of patients with decreased amounts of the CD3^+^CD56^+^ subset (Figure [5](#cti21113-fig-0005){ref-type="fig"}b; *P* = 0.0376 for PFS; *P* = 0.0414 for OS). Interestingly, a higher percentage of the CD3^+^CD56^+^ subset in the second, third and fourth CIK cell treatment cycle correlated significantly with improved patient OS and PFS compared with that of patients with a low percentage of the subset, and this correlation increased as the number of CIK treatment cycles increased, as suggested by the decreased *P*‐value (Supplementary figure [4](#cti21113-sup-0001){ref-type="supplementary-material"}a, b and c). Moreover, we also evaluated the correlation between the mean number of the total infused CIK cells or CD3^+^CD56^+^ CIK cells and patients\' prognosis. Based on the median of mean number of total infused CIK cells, patients were divided into high‐dose group and low‐dose group. We found that neither the mean number of total CIK cells nor that of CD3^+^CD56^+^ CIK cells infused was significantly correlated with patients\' OS and PFS, although there was a trend towards superior OS in the high‐dose CD3^+^CD56^+^ CIK group compared with that in the low‐dose CD3^+^CD56^+^ CIK group (Supplementary figure [5](#cti21113-sup-0001){ref-type="supplementary-material"}a and b).

![Effects of CIK cell phenotype on patient survival. **(a)** Association of the percentage of CD3^+^CD56^+^ subsets in the first CIK cell treatment cycle and the patients\' overall survival (OS) and progression‐free survival (PFS). The median percentage of CD3^+^CD56^+^ subsets was chosen as the cut‐off point to separate the low and high groups. **(b)** Association of the percentage change in CD3^+^CD56^+^ subsets after the fourth CIK cell treatment cycle and the patients\' OS and PFS. If the percentage of CD3^+^CD56^+^ subset within the CIK cell product increased between the first and the fourth treatment cycle, then it was defined as increased. Otherwise, it was defined as decreased. CIK, cytokine‐induced killer; *n*, number of patients.](CTI2-9-e1113-g005){#cti21113-fig-0005}

Discussion {#cti21113-sec-0014}
==========

Metastatic colorectal cancer remains an incurable condition, and only modest progress in the treatment of mCRC has been made to improve patient survival. The standard doublet chemotherapeutic regimens, FOLFOX, XELOX and FOLFIRI, have similar efficacy and have been used for several decades.[5](#cti21113-bib-0005){ref-type="ref"}, [24](#cti21113-bib-0024){ref-type="ref"} New biological agents such as cetuximab, bevacizumab, panitumumab, regorafenib and aflibercept have expanded the treatment options for mCRC.[5](#cti21113-bib-0005){ref-type="ref"}, [25](#cti21113-bib-0025){ref-type="ref"}, [26](#cti21113-bib-0026){ref-type="ref"} Immunotherapy, as the fourth treatment modality for malignant tumors, has shown potential efficacy in tumor growth control and patient survival.[27](#cti21113-bib-0027){ref-type="ref"} Previous studies have shown that chemotherapy combined with CIK cell immunotherapy can prolong the survival of patients with CRC.[14](#cti21113-bib-0014){ref-type="ref"}, [15](#cti21113-bib-0015){ref-type="ref"} However, those results were limited by a small sample size. In the present study, we sought to validate the efficacy of CIK cell immunotherapy combined with first‐line chemotherapy for patients with unresectable mCRC in a relatively larger sample size of 252 cases.

Cytokine‐induced killer cells are a group of heterogeneous immune‐active host effector cells, generated by *in vitro* expansion of peripheral blood lymphocytes using anti‐CD3 antibodies, IL‐2, and IL‐1. These cells have dual‐functional capability that a T‐cell subset which acquires NK cells function and reserves TCR‐mediated specific cytotoxicity.[28](#cti21113-bib-0028){ref-type="ref"} In the present study, we found that patients with unresectable mCRC who received the combination of CIK cell immunotherapy and first‐line chemotherapy demonstrated significantly improved OS and prolonged PFS in comparison with patients in the control group, who received first‐line chemotherapy alone. Previously, Zhao *et al.* [14](#cti21113-bib-0014){ref-type="ref"} showed that CIK cell immunotherapy in combination with chemotherapy improved the OS of patients with mCRC and demonstrated a trend towards contributing to patient PFS. The difference in effect of CIK cell on OS and PFS of patients with mCRC in our and Zhao\'s study might be a consequence of the different patients\' condition, chemotherapeutic regimes and sample size. Nonetheless, these results collectively indicate that combining CIK cell immunotherapy with first‐line chemotherapy improves the OS and PFS of patients with mCRC.

Several mechanisms may explain the synergistic effects of CIK cell treatment combined with the chemotherapy. First, CIK cells can reduce the incidence of bone marrow suppression of chemotherapy and improve the immunological status of patients with mCRC.[29](#cti21113-bib-0029){ref-type="ref"} Meanwhile, chemotherapeutic cytotoxic drugs can attack tumor cells, resulting in the release of tumor antigens from tumor tissues, which would increase the susceptibility of malignant cells to the cytotoxic activity of immune effector cells.[30](#cti21113-bib-0030){ref-type="ref"} Second, chemotherapy can remove immune suppressor factors, such as regulatory T cells and myeloid‐derived suppressor cells (MDSCs), and reshape the vascularisation, which creates a microenvironment suitable for CIK cell proliferation and infiltration into tumor cells.[31](#cti21113-bib-0031){ref-type="ref"} In addition, CIK cell infusion can reverse the neutrophil‐to‐lymphocyte ratio (NLR), a poor prognostic indicator, resulting in a restored immune equilibrium to reduce tumor recurrence and metastasis.[32](#cti21113-bib-0032){ref-type="ref"} Thus, these findings indicate the theoretical rational for CIK cell immunotherapy combined with chemotherapy to gain improved therapeutic efficacy in patients with cancer, including those with mCRC.

Primary rectal and colon cancers require different staging procedures and therapeutic strategies because of their different embryological origin, anatomy and metastatic patterns.[33](#cti21113-bib-0033){ref-type="ref"} However, the divergent treatment for localised rectal and colon cancers is not exhibited in the metastatic setting, and metastasised rectal and colon cancers are commonly treated in the same way.[33](#cti21113-bib-0033){ref-type="ref"} In the subgroup analyses, CIK cell immunotherapy was found to be significantly associated with an improved OS and PFS in patients with metastatic colon cancer, but this association was absent in patients with metastatic rectal cancer. This improvement, or lack thereof, might be explained by the fact that the prognosis and immune microenvironment are different between rectal cancer and colon cancer.[34](#cti21113-bib-0034){ref-type="ref"}, [35](#cti21113-bib-0035){ref-type="ref"}, [36](#cti21113-bib-0036){ref-type="ref"} Patients with rectal cancer have significantly better prognosis than those with colon cancer, especially for those with stage IV disease,[34](#cti21113-bib-0034){ref-type="ref"} which was also observed in our study. Thus, patients with metastatic rectal cancer might derive some benefit from CIK cell treatment, but this benefit would not be statistically significant. Meanwhile, patients with metastatic colon cancer exhibited worse survival, and CIK cell treatment could significantly improve the prognosis of this subset of patients. Moreover, lymphocytic infiltration was reported to correlate with OS in cases of colon cancer but not in rectal cancer,[37](#cti21113-bib-0037){ref-type="ref"} indicating that immunotherapy might not be as effective in rectal cancer as it is in colon cancer. Our results revealed that CIK cell treatment achieved favorable clinical outcomes for patients with metastatic colon cancer, suggesting its effectiveness as a treatment for this subset of patients.

Cytokine‐induced killer cell treatment significantly improved the PFS rate of patients with only one metastatic site, but not those with two or more metastatic sites. However, the 1‐year disease progression rate was significantly reduced after CIK cell treatment for patients with one, two or more metastatic sites, which was 9.4%, 16.3% and 20%, respectively, for the CIK group as compared with 39%, 42.9% and 46.9%, respectively, for the control group (*P* \< 0.001 for one metastatic site; *P* = 0.009 for two metastatic sites; *P* = 0.025 for ≥ 3 metastatic sites). Moreover, the OS and cancer‐specific survival were also significantly improved irrespective of the number of metastatic sites. CIK cell immunotherapy can stimulate and restore the body\'s natural immunity.[23](#cti21113-bib-0023){ref-type="ref"} Thus, patients can achieve a sustained antitumor immune response and exhibited improved OS after CIK cell immunotherapy combined with chemotherapy. Therefore, our data suggest that patients with mCRC are recommended to take the combination therapy regardless of their number of metastatic sites.

As observed above, not all patients with mCRC who receive CIK cell treatment exhibit improved outcomes; some patients were nonresponsive. Except for the patients\' disease condition, identifying other biomarkers that can differentiate between responders and nonresponders is warranted for personalised treatment. CIK cell treatment can activate and enhance the body\'s immune system to improve its antitumor reaction, which is intrinsically a type of immune regulation.[23](#cti21113-bib-0023){ref-type="ref"} In turn, the activation of infused CIK cells will also be affected by the immune microenvironment *in vivo.* [38](#cti21113-bib-0038){ref-type="ref"}, [39](#cti21113-bib-0039){ref-type="ref"} CIK cells are a heterogeneous cell population, containing CD3^+^CD4^+^, CD3^+^CD8^+^, CD3^+^CD56^+^ and CD3^−^CD56^+^ cell subsets; therefore, we explored whether the CIK cell phenotype could serve as a predictor of the efficacy of the combination of CIK cell immunotherapy and first‐line chemotherapy among patients with mCRC. Our previous study found that none of these four cell subsets were associated with survival benefit in patients with colorectal cancer who received adjuvant CIK cell treatment.[40](#cti21113-bib-0040){ref-type="ref"} In the present study, we found that a significant increase in the percentage of the CD3^+^CD56^+^ subset arose after one treatment cycle. Therefore, the CD3^+^CD56^+^ subset, representing the main antitumor immuno‐effector cells,[22](#cti21113-bib-0022){ref-type="ref"}, [23](#cti21113-bib-0023){ref-type="ref"} was further investigated as a prognostic biomarker for CIK cell treatment among patients with mCRC. Consistent with our previous study,[40](#cti21113-bib-0040){ref-type="ref"} there was no significant association between survival benefit and the percentage of the CD3^+^CD56^+^ subset in the first cultured CIK cells. However, increased amounts of the CD3^+^CD56^+^ subset correlated with better OS and PFS compared with patients with decreased amounts of the CD3^+^CD56^+^ subset after the fourth CIK cell treatment cycle. The ever‐increasing percentage of CD3^+^CD56^+^ subsets after CIK cell treatment might be caused by a significant improvement in the reactivity of immune cells to exogenous stimuli. It is therefore logical to assume that a high percentage of the CD3^+^CD56^+^ subset delivered via CIK cell infusion might induce potent antitumor effects and better prognosis in patients. Thus, the change in the percentage of the CD3^+^CD56^+^ subset after the fourth treatment cycle could be used as an indicator of effective CIK cell treatment, although these analyses are still somewhat preliminary and warrant further investigation.

Some survival benefits have been observed in patients with unresectable mCRC; however, the results should be interpreted carefully and more studies are required. The present study has certain limitations, for example its retrospective nature, treatment selection bias, uniformity of patients between the two groups and the lower frequency of follow‐up for the control group, which might have affected the results. In addition, a well‐designed prospective study should be carried out to examine these results further. However, our study demonstrated that the combination of CIK cell treatment and first‐line chemotherapy is a safe and potential therapeutic modality for patients with mCRC.

In conclusion, this single‐centre retrospective study showed that the combination of CIK cell immunotherapy and first‐line chemotherapy could improve the OS and PFS of patients with mCRC. Patients with metastatic colon cancer, but not metastatic rectal cancer, could benefit more from CIK cell immunotherapy. Moreover, our data provided the first clinical evidence that a change in the CD3^+^CD56^+^ subset after the fourth treatment cycle might be an indicator of effective CIK cell treatment, and patients with increased amounts of the CD3^+^CD56^+^ subset experienced better survival than those with decreased amounts of the CD3^+^CD56^+^ subset. External validation and prospective randomised studies are warranted to further confirm the present results.

Methods {#cti21113-sec-0015}
=======

Study population {#cti21113-sec-0016}
----------------

The study protocol was designed in accordance with the guidelines outlined in the Declaration of Helsinki and was approved by the Institutional Review Board of the Sun Yat‐sen University Cancer Center. A retrospective analysis was carried out on the medical records of patients with colorectal cancer in our hospital from 14 June 2002 to 21 April 2018. Patients with histologically confirmed, unresectable mCRC at first diagnosis and relapsed or metastatic colorectal cancer after surgery were eligible. No prior systemic therapies for metastatic disease were allowed, except for adjuvant chemotherapy completed more than 180 days before relapse. Patients were required to have adequate haematology and clotting and adequate hepatic and renal function and were free of cardiac disease. Patients were excluded if they had a concurrent malignancy other than CRC, or a serious, uncontrollable medical condition. A total of 3743 patients with mCRC who received first‐line chemotherapy with or without CIK cell treatment were included, of which 3617 patients received only first‐line chemotherapy (control group) and 126 patients received first‐line chemotherapy combined with the CIK cell treatment (CIK group). To reduce selection bias between the two groups, we derived one‐to‐one paired cohorts of the CIK group and the control group using propensity score matching. The preliminary selected variables entered into the propensity model included year of diagnosis, sex, age and primary tumor location. Finally, a total of 126 pairs of patients were included in the final analysis (Supplementary figure [6](#cti21113-sup-0001){ref-type="supplementary-material"}).

Treatments {#cti21113-sec-0017}
----------

A multidisciplinary team of doctors from different departments, including surgeons, physicians, radiation oncologists, interventional oncologists and immunologists, made the treatment decisions. CIK cell‐based treatment is an observational clinical immunotherapy in our hospital. The use of CIK cell immunotherapy was approved by the Institutional Review Board of the Sun Yat‐sen University Cancer Center. Written consent from each patient was obtained before the initiation of CIK cell treatment. Whether to combine CIK cell treatment with first‐line chemotherapy depended on the patients\' preference after complete communication and understanding of each possible accessible therapeutic option provided by the multidisciplinary team.

All patients in the control and CIK groups received first‐line chemotherapy comprising the FOLFOX regimen (oxaliplatin, leucovorin and 5‐fluorouracil), the FOLFIRI regimen (irinotecan, leucovorin and 5‐fluorouracil) or the XELOX regimen (oxaliplatin and capecitabine), with or without bevacizumab or cetuximab. Dose reductions or treatment delays were calculated according to the nonhaematological toxicity or myelosuppression. Treatment was continued until disease progression (PD) or for 6 months. Patients who completed the 6‐month first‐line chemotherapy without PD entered the maintenance treatment phase and continued treatment until PD. Patients whose tumors became suitable for local treatments, such as surgery, radiotherapy or interventional therapy, could receive these local therapies based on the advice of the multidisciplinary team. Patients in the CIK group were subject to CIK cell treatment between the intervals of first‐line chemotherapy or in the maintenance treatment phase. In general, patients would receive CIK cell infusion with 2‐ or 3‐week intervals between each cycle. In the every‐2‐week therapy, 50 mL of blood was collected for CIK cell preparation 1 week before the first chemotherapy cycle or every CIK cell treatment. In the every‐3‐week therapy, blood was collected before each chemotherapy cycle. About 2 weeks later, autologous CIK cells were infused intravenously. The detailed treatment protocol is shown in Supplementary figure [7](#cti21113-sup-0001){ref-type="supplementary-material"}. The patients were eligible for CIK cell maintenance treatment at an interval of 1--3 months if they had stable disease.

CIK cell preparation {#cti21113-sec-0018}
--------------------

Cytokine‐induced killer cells were prepared as described in our previous studies.[17](#cti21113-bib-0017){ref-type="ref"}, [20](#cti21113-bib-0020){ref-type="ref"} Briefly, 50 mL peripheral blood was obtained from each patient in the CIK group. Peripheral blood mononuclear cells (PBMCs) were separated using Ficoll‐Hypaque density centrifugation to induce CIK in a good manufacturing practice‐compliant facility. To generate autologous CIK cells, PBMCs were cultured in X‐VIVO 15 serum‐free medium (Lonza, Visp, Switzerland) supplemented with 1000 U mL^−1^ recombinant human IFN‐γ (ShangClone, Shanghai, China) for the first 24 h. Then, the following cytokines were added: 100 ng mL^−1^ mouse anti‐human CD3 monoclonal antibody (R&D Systems, Minneapolis, MN, USA), 1000 U mL^−1^ IL‐2 (Beijing Sihuan Pharm, Beijing, China) and 100 U mL^−1^ IL‐1α (Life Technologies, San Francisco, CA, USA). Fresh medium containing IL‐2 was added periodically, and the CIK cells were harvested at 14 days. A fraction of the harvested CIK cells was collected to evaluate the number, viability and possible contamination by bacteria, fungi or endotoxins; the majority of the fresh CIK cells were transfused intravenously (iv) into the patients within 30 min after cell harvest. Before and after CIK cell transfusion, vital signs such as respiratory rate, pulse, blood pressure and temperature were monitored and recorded.

Phenotypic analysis of CIK cells {#cti21113-sec-0019}
--------------------------------

The phenotypes of the autologous CIK cells from the first cycle of 79 patients were characterised using flow cytometry (FC500; Beckman Coulter, Brea, CA, USA). The following anti‐human antibodies were used: anti‐CD3‐phycoerythrin (PE)‐cyanine (Cy)5, anti‐CD4‐PE‐Cy7, anti‐CD8‐PE and anti‐CD56‐fluorescein isothiocyanate (FITC; all from BD Bioscience, Franklin Lakes, NJ, USA). Corresponding isotype antibodies were used to stain the cells of the negative control. After washing three times, the cells were analysed using a Cytomics™ FC500 Flow Cytometer (Beckman Coulter), and data analysis was performed using CXP Analysis software (Beckman Coulter). The phenotypes of the CIK cells from the first four cycles of 65 patients were also determined. Based on the median percentage of CD3^+^CD56^+^ subset, patients were divided into a high‐CD3^+^CD56^+^ group and a low‐CD3^+^CD56^+^ group. If the percentage of CD3^+^CD56^+^ subset within the CIK cell product increased between the first and the fourth treatment cycle, then it was defined as increased. Otherwise, it was defined as decreased.

Follow‐up {#cti21113-sec-0020}
---------

All the patients with mCRC were followed up regularly after discharge, including clinic or telephone contact once every 2 months during the first year, every 3 months for the next 2 years and every 6 months thereafter. Follow‐up included physical examination, routine blood examination, carcinoembryonic antigen (CEA) levels and chest/abdominal/pelvis computed tomography (CT) scans every 6--12 months. Progression‐free survival (PFS) and overall survival (OS) were defined according to the National Cancer Institute\'s Response Evaluation Criteria in Solid Tumors (RECIST).[41](#cti21113-bib-0041){ref-type="ref"} PFS was defined from the date of initial treatment to the date of first disease progression or the date of last follow‐up. OS was defined from the time of initial treatment until death from any cause or the end of follow‐up, and cancer‐specific survival was defined as the time between initial treatment and death because of mCRC. If disease progression was confirmed during follow‐up, remedial treatments, including second‐ or third‐line systemic therapy, palliative surgery or palliative radiotherapy, were recommended by our multidisciplinary team. Supportive treatment was provided for patients who were intolerant of any systemic and local treatment. All toxicities were graded according to the National Cancer Institute Common Toxicity Criteria for Adverse Events version 4.0.

Statistical analysis {#cti21113-sec-0021}
--------------------

Pearson χ^2^ test or Fisher\'s exact test was employed to compare the differences in demographic and clinical variables between the two groups of patients with mCRC. The student\'s *t*‐test was used to compare CIK cell phenotype. One‐to‐one propensity score matching using the nearest‐neighbour matching method was utilised to assemble two comparable groups. Survival curves were constructed according to the Kaplan--Meier method and compared using the log‐rank test. The Cox proportional hazards regression model was used for univariate and multivariate analyses. Results were reported as hazard ratios (HR) and their 95% confidence intervals (CI). All statistical evaluations were performed using SPSS software (Statistical Package for the Social Sciences, version 22.0; IBM Corp., Armonk, NY, USA) and GraphPad Prism 5 (version 5.01; GraphPad Software, Inc., La Jolla, CA, USA). All statistical tests were two‐sided, with the threshold of significance set at *P* \< 0.05.
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